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Abstract 
In order to observe the state of the contact and the release between ball and fingertips during baseball pitching, four 
strain gauges were affixed crosswise to the surface of each nail of participant’s 2nd and 3rd fingers. Simultaneously, the 
angular velocities of the upper limb, trunk and lower limb were also measured with accelerometers and gyroscope sensors to 
observe the joint motion during pitching. Participants of this study pitched fastball and some breaking balls more than ten 
times toward the net located in 5 m forward. The similarity, difference and time lag of motions among fastball, slider and 
screwball pitches were clarified through analysis of angular velocities. The timings of ball-release in all trials were able to 
detect by observing the waveforms of strains of nails. The nails at ball-release of fastball pitches mostly showed 
compressive strains and the strains at N had similar tendency in all participants. In slider pitches, the large strains were 
found at portion W of nails of all participants. From these results, it became clear that baseball pitchers had the patterns of 
ball-release for each type of pitch, and had the timing of joint motions in accord with each ball-release. 
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1. Introduction 
For analyzing many sport performances kinematically and kinetically, 3D motion analysis systems are often 
used. As is usual for such many analyses of sport performances, the pitching motions of baseball have been 
analysed with 3D motion analysis systems by many researchers for preventing sports injury or improving 
performance (Elliott et al. 1986, Sakurai et al. 1993, Fleisig, et al. 1996, Escamilla et al. 1998, Fleisig et al. 2006). 
Those researches clarified the differences of the motions or the load between some pitch types such as fastball, 
curveball and slider by measuring the angles and angular velocities of joint motions, and calculating the forces and 
torques generated at joints. 
On the other hand, it is more difficult to observe accurately the phenomenon, which is the relationships between 
ball and fingertips, during high-speed motion by baseball pitching. Many of baseball players, including 
professional players, often declare that the phase of ‘ball-release' by fingertips is one of very important skills and 
the moment concerning high performance in baseball pitching. The ball-release is the last phase of pitching motion 
for injecting kinetic energy into a ball by mechanical work. In this study, in order to analyse the state of contact 
between fingertips and ball including the instant of ball-release, the strains of nails were measured with strain 
gauges affixed to nails of 2nd and 3rd fingers. Furthermore, the joint motions were also measured with inertial 
sensors. 
2. Methods 
2.1. Participants, sensors and trials for measuring 
Five participants who belonged to a college baseball team and were experienced  for more than ten years as 
baseball player participated in this study. Measuring devices, which were consisted of four accelerometers with 
single axis (Analog Devices, ADXL190 ±100G and ADXL150 ±50G) in each device, were attached to 
participant’s wrist and upper arm for measuring the angular velocities about the joints of forearm, elbow, upper 
arm and shoulder (Fig.1). Gyroscope sensors with two axes were attached to high back, hip (Microstone, MG2-
01Da-RDB, ±4,000 deg/s), left and right thigh and left leg (InvenSense, IDG-300, ±500 deg/s) for measuring the 
angular velocities (Fig.2a). In order to observe the state of contact between fingertip and ball through the strains of 
nails, each four strain gauges were affixed crosswise to the surface of nail of 2nd and 3rd fingers. (Fig.2b). These 
gauges were indicated as N, W, E and S by applying four cardinal points for convenience. For instance, the strain 
gauge affixed at the tip of 2nd fingernail is indicates as IIN. The signals from these sensors were AD converted 
with the sampling frequency of 1 kHz and with the quantization accuracy of 16 bit, and those were stored in PC for 
some calculations. As a result, total number of channels for measuring was twenty five in this study. Ball velocity 
was measured with radar gun (Bushnell, SpeedStar V). 
 
Fig.1. (a) Four accelerometers were used for measuring the accelerations at wrist. The angular velocity at wrist by 
arm swing was calculated from the acceleration measured by accelerometers A and B. The angular velocity of 
pronation/supination of forearm was calculated from the acceleration measured by accelerometers C and D. 
(b) The accelerometers E and F were for the angular velocity of upper arm by arm-swing. The accelerometers G and 
H were for the angular velocity of internal/external rotation of shoulder. 
Top view (left) and side 
view (right) of 
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Participants pitched toward a net, which was placed five meters ahead according to following procedure. First, 
the participants threw ten pitches while they gradually increased ball velocity in order to reach the maximum 
velocity in 10th trial. Second, the participants threw fastball ten times with constant in speed as fast as possible. 
And then, the participants threw some breaking balls, which they were able to throw, thirdly. After having declared 
what type of pitch, participants threw those types of pitch. All participants were fully informed of the procedures, 
risk and discomfort involved in the measurement with sensors and strain gauges, and the study protocol was 
approved by the Medical Research Ethics Committee of Nagoya Gakuin University. 
2.2. Calculation for angular velocities 
Accelerations Az1 and Az2, which are measured with accelerometers A and B shown in Fig.1a or 
accelerometers E and F shown in Fig.1b, are  
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where d, which is distance between the sensor A and B, or E and F, was 60 mm in length, Zx and Zy are 
angular velocities about axis orthogonal to longitudinal axis of forearm or upper arm. U is distance from the 
rotational axis to the sensor. Therefore, |Z| in equation (3) is the angular velocity, which is measured at forearm 
or upper arm, yielded by the swing of arm during pitching. 
Acceleration A1 and A2, which are measured with accelerometers C and D, or G and H are 
UDUZZ
UDUZZ
zyx
zyx
gRA
gRA
 
 


2
1
  (4) 
where R is translational acceleration, g is gravitational acceleration, Dz is angular acceleration about 
longitudinal axis of forearm and upper arm. On the assumption that distance from the rotational axis to both 
sensors C and D, or G and H is equal, the angular acceleration Dz is derived by subtraction of the equation (4). 
Fig.2 (a) Two-axis gyroscope sensors were used for measuring the rotation and forward tilting of trunk at high back, 
and rotation of hip. The angular velocities about lower limb were also measured with two-axis gyroscope sensors. 
(b) Four strain gauges affixed on each nail of 2nd and 3rd fingers. 
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The angular accelerations were integrated as shown by equation (6), and the angular velocities about 
longitudinal axis of forearm and upper arm were derived. Those angular velocities were the pronation/supination 
of forearm, and the internal/external rotation of shoulder joint. 
2.3. Statistical analysis 
In order to clarify the similarity among the motion of several pitch types, cross correlation functions were 
calculated from the mean waveforms of angular velocities. The cross correlation coefficients and time lag were 
extracted from those cross correlation functions, and were tested about the difference of mean value by one-way 
ANOVA and Tukey’s multiple comparison. 
3. Results 
3.1. Ball velocity 
The mean values for the ball velocity of fastball, slider and screwball were 105.4±4.2 km/h, 96.8±2.1 km/h and 
104.8±3.3 km/h, respectively. 
3.2. Joint motion during pitching 
The patterns of joint motions of participant A during pitching fastball and slider were mutually similar as shown 
in Fig 3. The similarity of the joint motions during these pitches about the other three participants was also 
indicated by cross correlation coefficients as shown in Fig 4a. In the case of participant A, the cross correlation 
coefficient between fastball pitches and slider pitches was significantly higher than that between fastball pitches 
and screwball pitches (p < 0.05). The values of the angular velocities of joint motions during screwball pitches 
were lower than those during fastball and slider pitches (Fig. 3). 
With reference to the timing of ball-release, the motions during slider pitches were delayed than those during 
fastball pitches, whereas the most of motions during screwball pitches were early than fastball pitches (Fig. 3). 
These tendencies were the same in participants B and C, and the time lag between the motions of slider pitches and 
screwball pitches were significantly different (p < 0.01, Fig. 4b). 
 
 
Fast 
Slider 
Screw 
Fig.3 The angular velocities of (a) trunk rotation, (b) forward tilting of trunk, and (c) hip rotation during 
pitching fast ball, slider, and screwball. Time zero indicates the instant of ball-release. 
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3.3. Strain of nails during pitching 
The mean waveforms of the strains of fingernails during fastball, slider and screwball, which were pitched by 
participant A, were shown in Fig 5. The total amount of strain in whole of fingernails during the pitches of 
fastball was larger than those in slider and screwball pitches. 
In fastball pitches, the compressive strains of IIN and IIIN were larger and especially those of IIN were 
concentrated in the time near the ball-release. This was the feature that the other participants also had. The other 
region of fingernail had the tendency that the compressive strains increased gradually from -200 ms to the time of 
ball-release. In the region IIS, the tensile strains occasionally occurred. During slider pitches, the compression 
strains at the portions of IIW and IIIW were larger than those in fastball pitches. On the other hand, strong and 
distinct compressive strains, which were found during fastball and slider pitches, were not found during screwball 
pitches. 
The strains of fingernails at the time of ball-release were visualized schematically and shown in Fig 6. 
Although every participants had their own patterns of strains, they also had the following common tendencies. 
The strong compressive strains during fastball pitches were commonly found in the portions of IIN, IIIN and 
IIIW, and those during slider pitches were commonly found in the portions of IIW and IIIW. 
 
Fig.5 The strains of nails of 2nd and 3rd finger before and after the ball-release when subject A pitched 
fastball, slider and screwball. 
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Fig.4 (a) The cross correlation coefficients and (b) time lag extracted from cross correlation functions that were 
calculated between the angular velocities of fastball pitches and slider pitches, or fastball pitches and screwball 
pitches by four subjects. These are mean values of the cross correlation coefficients and time lags in all joint 
motions. ** p < 0.01, * p < 0.05. 
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4. Discussion 
The values of angular velocities, which were measured from participants of this study, were different from the 
values that were reported by previous research. For instance, the angular velocity of trunk rotation and hip rotation 
in this study were 1180±270 deg/s and 570±160 deg/s, respectively. These values were approximately the same as 
the values of Escamila et al. (1998) and Fleisig et al. (2006). In contrast, the value for the internal rotation of 
shoulder joint was 4580±410 deg/s in this study and was lower by 30-40% than that value of previous research. 
The tendency that the motions of slider pitches were delayed than motions of fastball pitches became clear by 
calculating the cross correlation function (delay of 5.7 ms in the mean value). On the other hand, the motions of 
screwball pitches were early than motions of fastball pitches (preceding of 1.4 ms in the mean value). Changing to 
the view that the timings of motions were the equivalent in spite of the types of pitch, we are able to understand 
that the timings of slider pitches were preceding than those of fastball, and the timing of screwball pitches were 
delayed than fastball pitches. That order concerning the ball-release among types of pitches is reasonable because 
the motion of forearm before and after the ball-release is consistently from supination to pronation. Namely, the 
timing of ball-release of slider at which ball is released in position of somewhat supination is preceding. In contrast, 
the timing of ball-release of screwball at which ball is released in position of somewhat pronation is delayed. 
Although there is the time lag of angular velocities between fastball pitches and slider pitches, both waveforms 
of angular velocities were similar mutually. The same feature was found in the strains of nails, too. On the other 
hand, the patterns of joint motions during screwball pitches were different from other pitches. Generally speaking, 
the screwball pitch is more difficult than other pitches, because it is hard to pronate intentionally and strongly or 
ball in hand is obstructed by fourth finger when ball is released. For these reasons, the angular velocities of joint 
motions and the strains of nails, that is to say the spin of ball, during screwball pitches were weaker than those 
during fastball and slider pitches. 
From these results, it became clear that baseball pitchers had the patterns of ball-release, namely the strains of 
nails for each type of pitch, and had the timing of joint motions in accord with each ball-release. 
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